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Abstract 

We derive Wong's equations for the finite-dimensional dynamical 
system representing the motion of a scalar particle on a compact Rie- 
mannian manifold with a given free isometric smooth action of a com- 
pact semisimple Lie group. The obtained equations are written in 
terms of dependent coordinates which are typically used in an im- 
plicit description of the local dynamics given on the orbit space of 
the principal fiber bundle. Using these equations we obtain Wong's 
equations in a pure Yang-Mills gauge theory with the Coulomb gauge 
fixing. This result is based on the existing analogy between the reduc- 
tion procedures carried out in our finite-dimensional dynamical system 
and in Yang-Mills gauge fields. 



1 Introduction 

In his paper [T], S.K.Wong suggested the equations for the phenomenological 
description of the strong interactions. His idea was to present this interaction 
by means of the classical motion of some particles. A new approach has given 
rise to an alternative method of studying the behavior at short distances in 
QCD theory. (As an example of such an approach we refer to [21 E].) 

We note that one of Wong's equations, the equation for the motion of the 
particle in an external field, was earlier obtained by Kerner in jl]. 

Later Montgomery discovered [5], that Wong's equations are related to 
the dynamical systems with a symmetry. One can meets with the equations 
when considering the reduction problems in these systems. Wong's equations 
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are the horizontal and vertical parts of the geodesic equation written for the 
Kaluza-Klein metric [5J. 

In the cotangent bundle reduction problem, Wong's equations can be 
obtained by extracting the horizontal part of ker(du), where a; is a connection 
one- form which characterise the dynamical system [7j. 

Although Wong's equations, resulting in reduction problems, coinside in 
form with the original Wong's equations (and with the equations that are 
used in applications), they have a different meaning. In the original equa- 
tions, the field strength is a curvature of an arbitrary given gauge potential, 
whereas in the reduction problems, the field strength is a curvature of a spe- 
cial connection one-form, called the mechanical connection^] That is, the 
field strength is related to an effective internal interaction which exists in 
each dynamical system with a symmetry. 

In Yang-Mills theory, we are dealing with an infinite-dimensional dynam- 
ical system with gauge degrees of freedom. In this theory, a description of a 
local dynamics can only be done in an implicit way. "True motion" of the 
system on the gauge orbit space can be studied by considering the evolution 
of the corresponding dynamical system given on the gauge surface. Since this 
surface is determined by the gauge conditions, this means that one should 
use the dependent variables to describe the evolution. 

An appropriate method of such a description of the reduced motion in 
the finite-dimensional dynamical systems was previously developed in our 
papers [HI |9]. We considered the motion of the scalar particle on the compact 
Riemannian manifold on which an isometric smooth action of the semisimple 
compact Lie group was given. It was assumed that this action is free and 
proper. As in gauge theories, the reduced evolution in this system is defined 
on the orbit space of a group action. 

The first part of our paper will be devoted to derivation of Wong's equa- 
tions for our finite-dimensional dynamical system. 

In the second part of the paper, after short reviewing of the reduction 
problem in a pure Yang-Mills theory, in which the reduced surface is given 
by means of the Coulomb gauge condition, we obtain Wong's equations for 
Yang-Mills gauge theory. This is done by generalizing Wong's equations for 
the finite-dimensional system. 

In the last section we discuss some questions that must be addressed in 
future studies. 

Details of the derivation of Wongs's equations are considered in Appendix. 
1 This connection is naturally arises in the reduction procedure. 
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2 Definitions 



In this section we introduce the notations from our papers [8, 9j, where 
the motion of the scalar particle on a compact manifold V was studied. A 
free isometric smooth actional of a semisimple compact Lie group Q on this 
manifold leads to the fiber bundle picture with V as the total space of this 
principal fiber bundle n : V — > V /Q = Ai. 

To perform the reduction procedure we must first replace the original 
coordinates Q A , given on a local chart of the manifold V, by new coordi- 
nates (Q* A ,a a ) (A = 1,...,N V ,N V = dimP;a = l,...,N g ,N g = dim£) 
related to the fiber bundle. We are forced to introduce additional constraints 
X a {Q*) = in order to have one-to-one correspondence between the old 
coordinates Q A and (Q* A ,a a ). 

These constraints define the local submanifolds in the manifold V. If these 
local submanifolds (local sections) can be 'glued' into the global manifold E, 
we get a trivial principal fiber bundle P(Ai,G) which is locally isomorphic 
to the trivial bundle Ex^->S. Therefore, we can use the coordinates Q* A 
for the description of the evolution which is given on the manifold A4. 

Replacing the original coordinate basis {-gjjx) for a new coordinate basis 
( 9 q*a ; af^)> we come to the following representation for the original metric 
Gab(Q*, a) of the manifold V: 

( G CD (Q*)(P ± ) C A (P ± )° G CD (Q*)(P X )^K^M \ 

V G CD (Q*)(P ± ) c A K^(a) llM „(Q*)uZ(a)u%(a) J ' {i) 

where are the Killing vector fields for the Riemannian metric Gab{Q)- 
(This vector fields are restricted to the submanifold E = {\ a = 0}.) 

In (pQ), by 7^ we denote the metric given on the orbit of the group action. 
It is defined by the relation 7^ = K a GabK^. 

Up (a) (and up* (a)) are the coordinate representations of the auxiliary func- 
tions given on the group Q. 

The operator P±(Q*) is used to projects the vectors onto the tangent 
space to the gauge surface E: 

{x T )p is a transposed matrix to the matrix Xb = §qSi (x T ) A = G ab ^^ u Xb- 
The pseudoinverse matrix G (Q*, a) to the matrix (pQ), i.e. such a matrix 
for which 

n-ABh — ( (- P J-)c 1 
G Gbc ~ { 5 a p J ' 

2 We consider the right action of the group on V. 
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is given by 

(2) 



G EF N C E N° G SD N c sX ^~XK 
The matrix is inverse to the Faddeev - Popov matrix $, 



mi(Q) = Kj}{Q)?^. 

The projection operator 

N$ = 6$- K^-Xx"c 
has the following properties: 

N£N* = n£, N*K* = 0, (P ± )iN% = (P x )g, Ni(P ± f A = N C B . 
The matrix Vg(a) is an inverse matrix to matrix Ug(a). 

3 Wong's equations 

Wong's equations can be derived from the geodesic equations written in a 
special coordinate basis. So we need to change the previous coordinate ba- 
s * s ( ,9q*a ; gfar) given on V for a new nonholonomic basis. This basis was 
introduced in our paper [10] . It generalizes the horizontal lift basis consid- 
ered in [11J. Our basis consists of the horizontal vector fields Ha and the 
left-invariant vector fields L a = v£(a)-^. The vector fields L a obey the 
commutation relations 

[L a , Lp] = c 1 aj3 L 1} 

where the cZg are the structure constants of the group Q. 
The horizontal vector fields Ha are given as follows 



HA = N*(Q*)(-^-A a E L aj , 



where A%(Q*, a) = p°(a) A E (Q*). The matrix is inverse to the matrix 
of the adjoint representation of the group Q, and A P = j vtl K^ Grp is the 
mechanical connection defined in our principal fiber bundle. 

The horizontal vector fields Ha have the following commutation relation: 

[H c , H D ] = (AINE - V D N?)K s lP H s - N§n£ T% P L a , 
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where = ($ 1 )Z Xo> anc ^ the curvature J^p of the connection A is given 
by 

d ~ d ~ ~ ~ 

~ dQ* E 0Q* P 

(•^ep(Q*i a ) = P^,( a ) -^EpiQ*) )• I n t ne derivation of the above commutation 
relation, we have used the equality 

r /JA _ A 

It follows from the equation satisfied by p: L a p^ = c^p p^- 

In other words, the previous commutation relations represent the com- 
mutation relations of the nonholonomic basis 

[He, H D ] = G^ D H A + G CD L a 

with the structure constants 

and 

^CD — iv C JV D SP ■ 

In our basis, L a commutes with H A : 

[H A , L a ] = 0. 

And the metric ([1]) has the following representation: 

Gab=( G I b ° ), (3) 



a . 



7a/3 

where 

G(H A ,H B ) =G%(Q*), G(L a ,Lp)=j aP (Q*,a)= la > p/ (Q*)p^(a)p^ 

The "horizontal metric" G n is defined by the projection operator IT^ = 
Si - K^K^Gdb as follows: G* c = Ilg ng G 6d . 

Note that the projection operator IT^ satisfies the properties: Ylf^N^ = 
Il£ and n%N£ = Ng. 

The pseudoinverse matrix G AB to the matrix ([3]) is defined by the follow- 
ing orthogonality condition: 



r<ABr< _ iV c 



N$ 
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and can be written as 

rAB _ ( G ef n£n* o 

_ y 7 a/3 

Using the following formula^ 

2 t v AB G(d v , d c ) = d A G(d B , d c ) + d B G(d A , d c ) - d c G(d A , d B ) 
-G{d A , [d B , d c ]) - G{d B , [d A , d c ]) + G(d e , [d A , d B ]), 

we calculated (in [10]) the Christoffel symbols T^h in the nonholonomic basis 
(Ha, L a ): 

AB J M 1 BEi 

f M — —-N E N F F M 
1 AS — 2 A B EF ' 

Kb = \g ps n f s n e b ^ ef ^ 

n, = \G PS N F s N E ^ EF ^ 

*%> = -\ G PS H S %? = -\g ps N f Vtrtap, 

Kb = \r u H B % u = \r u N F V E ^ aV) 

In these formulae, the covariant derivatives are given as follows 



Note also that the Christoffel symbols ±cd are defined by the equality 

^AB CD Q l^ACD "T ^AD.C ^CD^J ■ 

Here, by the derivatives we mean the following: G\ CD = 9G qq^ 

The geodesic equation in the Riemannian manifold V can be written as 



3 The terms of the form d A G denote the corresponding directional derivatives. 
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In our horizontal lift basis, we first decompose the tangent vector y into the 
horizontal and vertical components: 

y(t) = z A (t)H A + z a (t)L a . 

Because of the orthogonality of our basis, we get the system of two equations: 

' /: 4 + f A z B z c + f 1 z B z a + te R z B z? + V A z a z? = 



~ 1 BC * * Ba * ' (3B * " rJ -a/3 

dz^ 



+ f % z A z B + f> z a z B + f> z A z? + f> z a z? = o 



If we replace the Christoffel symbols T Ba by their explicit expressions, we 
come to desirable equations. The horizontal equation will be as follows 

^ + H T A C Q* B Q* C + G AS N F s r EF Q* E p v + l -G AS N§ {'DetDp.P. = 0. 

(4) 

This equation was obtained from the previous one, after replacing the variable 
z A by Q* A . Also, we have introduced a new variable p v = •y UK p l ^z a . 

We note that the identity N E Q* B = Q* A has allowed us to omit one of the 
two projection operators in the third term of eq.fllj). Moreover, in derivation 
of the last term of this equation, we have used the following identity: 

^Eipu) = -ipE'f T )i^pft'y m p a p. 

Making use of the method from [12], we get the vertical Wong's equation 



^ - c ; a A% p, Q* E - c ; u A% f' p v , 7™ Q* E - <£, Y K p, Pk = 0. (5) 



This equation was derived by identifying the coordinates z a of the vertical 



component of the tangent vector y with the coordinates Ug((a(t))^- of the 
vector which belongs to T e Q. 

The obtained equation (jSJ) is similar to the corresponding equation from 
[T2] . But our equation has an extra term depending on Q*, namely the third 
term of the equation. 



4 Principal bundle coordinates in Yang-Mills 

In Yang-Mills theory, the original evolution of the dynamical system is con- 
sidered on the function space of connections that are defined in the principal 
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fiber bundle, or equivalently, on the function space of the gauge fields. The 
gauge transformations form a group which acts on this space. The reduced 
evolution is given on the orbit space of the group action. 

In order to apply the geometric approach, developed in [13], to the study 
of the dynamical system defined on the space of connections, one must impose 
additional functional restrictions both on connections and the gauge group 
[TH [T5] \TE[ [T7] . We assume that points of a manifold V are the irreducible 
connections in the principal fiber bundle P(M, G) (in Sobolev class k > 
3). Also, as the transformation group Q, we use the quotient group of the 
gauge transformation group by its center. Moreover, we assume that this 
group is the gauge group of time-independent transformations^ 

4 a (x) = p^( 5 - 1 (x))Af(x) + <(9(*))%^r > 

where Pp(g) = u"(g) Vp(g) is the matrix of the adjoint representation of the 
group G. 



To fix the gauge symmetry, we will use the Coulomb condition d A 



fcV 



0, v = 1, . . . ,Nq, (or x u (A) = for short). This means that the original 
coordinates ll Q A " of a point p G V (i.e. the gauge fields Af(x) in our case) 
can be expressed by making use of the coordinates of the corresponding point 
given on a gauge surface £ = {x u {A) = 0}. As in the finite-dimensional case, 
the local evolution on the orbit space corresponds to the evolution given on 
the surface defined by this gauge. 

It is known that in the case of time-independent gauge transformation, the 
Hamiltonian of the pure Yang-Mills theory, which is used in the Schrodinger 
functional approach [18], has the following formjl 



H = \p 2 K/\ v [A a } + ArV[A a ] 



where 



5A?U) 5A^( 



A V [A] = J Sxk^Sij 
V[A} = J d 3 x^k a ^F^)F^H 



k a /3 = c Jia C T/3 i s the Cartan-Killing metric on the group G, p? = %q, and k 
is a real positive parameter. This means that for the quadratic part of the 
Hamiltonian, 

5 2 



Q(a,i,x) {P,j,x') 



4 This means that the gauge condition Aq — is already imposed. 
5 We restrict our consideration to the Euclidean domain. 
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one can use the flat metric G^ a,% ' x ^ = k a ^ 5 lj 5 3 (x — x'). 

Notice that in some cases, the employment of the flat metric may lead to 
divergences. In these cases one must regularize the flat metric, i.e. convert 
it into a Riemannian metric of a special form [13J. 

In the formulae given above, we have used the extended notation for the 
indices from [Tj5]. With this notation, one can easily generalize the formulae 
obtained in the finite-dimensional case to the corresponding formulae of the 
field theories. 

Thus, in our problem, we have a flat Riemannian metric 

ds 2 = G {a>i>x){M , y) 5A^5A^ , 



which is given on the original manifold V of the gauge potentials. 

This manifold can be viewed locally as a total space of the principal fiber 
bundle 7r : V — > M.. It follows that instead of the coordinates Af(x) given on 
the original the manifold V we can introduce new coordinates (A*f(x), <7 M (x)) 
which are related to the principal bundle. The dependent coordinates A* 
must satisfy the equation defined by the gauge condition: x a (A*) = . 

All the transformations, that have been made in the finite-dimensional 
case, can also be performed in the function space of the gauge fields. By using 
one of these transformations, i.e. the corresponding gauge transformation, 
we restrict the Killing vectors K( a ^, defined on V as 



K( nni \ = K 



5 



K (a, y )( A ) = [(W*) + C^W) 5 3 (x - y)] = [V*(A(x)) <5 3 (x - y 

(here <9j(x) is a partial derivative with respect to x l ), to the the gauge surface 
The Killing vectors on £ are used for definition of the orbit metric 

(a,i,z) n T^(/3,j,u) 



That is, 



lM{Vty) = J d\d 3 vk va 5 kl 5 3 (u-v) K fc (u)5 3 (u-x)] [2^(v)5 3 (v-y)] . 
6 On the surface E, the components K ^ y s become dependent on A*. 
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There is also another representation for the metric 7 : 

l M (v,y) = KJ kl [{-51 <9 fc (x) + C ^*£(x))(TO(y) + CA7(y))5 3 (x - y)] . 

An "inverse matrix" ^( Q ^)(^^) to the matrix "/u^fay) can be defined by 
the following equation: 

l(jl,x)(v,y) 7 — ( P:X ) — l z X J • 

Integrating over y in the left side of the equation (i.e. performing the gener- 
alized summation over the repeated index y), we get 

k va 5 kl V* k (A*(x)) V^A*^)) = 51 5%z - x) . 

Thus, 7^' x )(°"' 2 ) is the Green function of the operator (T>T>)^ U . Of course, this 
implies a choice of the certain boundary conditions. We also recall that the 
Killing vector and the matrix 7 Miy are used in determining the mechanical 
connection 

A P (Q*) = -f»{(?) K*(Q*) G RP (Q*) . 

Its counterpart in the Yang-Mills fields, the "Coulomb connection" A a B , is 
given by 

A[ 7L) = [KM*(y)h {a ' x)M ] V- 



5 Wong's equations for the gauge fields 

In this section, we consider briefly the main steps that lead us to Wong's 
equations. Since the Riemannian metric on the original manifold of the 
gauge fields is flat, we first rewrite the equation (jl]), assuming now that in 
the finite-dimensional case the metric is also flat, i.e. Gab — Sab- 

By using the Killing relation for the flat metric, it is not difficult to find 
that K E T EE = 0. This relation allows us to get rid of the projector N in 
the equation (jl]), and as a result, we come to the following equation: 

^ + R Ti c Q* B Q* c + G AS r ES Q* E Pv + \g ae {V El ™)p aPK = 0. (6) 

This equation will be used in derivation of the Wong's equation for the 
gauge field. But first we must transform the terms of this equation. We will 
express the curvature T ES , the Christoffel symbol H T EC and D E ^ K(T by using 
the Killing vectors, the mechanical connection and the orbit metric. 

Let us consider the term of the equation with the curvature T ES = A U SE — 
A ES + di a A E Ag. Taking the partial derivative of the mechanical connection 
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Ag = "f^K^ Grs with respect to Q* E , one can find, after some necessary 
transformations, that 

^se = ~l vt K% G RB K*A» S - A B A% K» E + -f" K*, G BS . 

Using the obtained representation for A V SE in the curvature T ES , it is not 
difficult to get (also by means of the Killing relation for the flat metric) the 
following equality 

G AS T ES = 7rT {K?K* B ) G RE 7^ K A + c% <T K* G RE <f* K A 
+*f» K A E - 7rT {K?K%) A E - c* e ^ A% K A + <£, 7™ A E K A . (7) 

Notice that it is possible to combine the second, fifth and sixth terms at the 
right hand side of eq.(j7j). These terms can be rewritten to give 

-2V^A E K A , 

in which the Christoffel symbol of the orbit is defined by 

Now we consider the Christoffel symbols n T EC associated with the hori- 
zontal metric h Gab- In the case of a flat metric, it can be presented as 

H I*c = -iA^ta + A Kpn) + \{K? K A M ) (A B A% + A v c A%). (8) 

Notice that this expression is equal to an analogous expression for the Christof- 
fel symbol obtained in [20J. 

The last term of eq.flHJ), as can be easily shown, has the following equiv- 
alent representation: 

X -G AE (OVT) = {K» K A B ) >f* V* + ^ 7^ K A . (9) 

In order to obtain Wong's equations for the gauge fields, one needs to 
make a replacement of the terms of equations (J7|), flBJ) and (EJ by the appro- 
priate functional expressions, and then to perform the generalized summation 
over the repeated indices. 

It is easy to see, for example, that the partial derivatives of Killing vectors 
in a finite-dimensional case, i.e. 

K c aB (Q*) = dK c a (Q*)/dQ* B , 
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can be associated with the functional derivatives of K ?™£ with respect to 
AW*)-. 



K 



(e,m,z) 



K 



(e,m,z) _ ™ e r3 



<^c^(z-x)^( Z -y) 



Making use of the functional expression for K aB and performing the inte- 
gration and summation over the repeated indices, we can find the functional 
representation for the following product K^K^ B . It is given by 



'■(a,x)(P,j,y) (a,u) 



$J 3 (z-x) [Vi m (A*(z))5 3 (z-u 



In other cases we will proceed in a similar way. Some details of these calcu- 
lations are considered in Appendix. We present here only the result of our 
calculation, according to which the horizontal Wong's equation is as follows 



d_ 

It 



A~(x,t)+[ -2c^(x,t) / dyA^. y) A^(y,t) 



+ dydzA^ z) [V^(A*(x,t))A^>. y) \ A">(y,t)A"*{z,t) 
+ "3 - terms" 

-4,k^J dudz 7 M(fti U (ff ;;)j) K (u,t)j )ff (z ) i) = o, 



where the u 3 r — terms" corresponds to the terms of eq.([7|). They are explicitly 
given as 

1. 

-2c°^° [ dydzA^ y) A^%A^{y,t)p v {z^) 



2. 



c^j dydz {K, [d k (y)^^] k^A^% 

+ ^^k„ [K k (A*(y,t))A^ } ] kP") A** k (y,t)p u (z,t) 



2c^( / dz 1 ^^p v (z,t))A*^( X ,t) 
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4. 
5. 

-c; e J dydz {5: [9*(x) 7 ^^] >A ( X! M 

+ 7 (^)M) [^(A*(x,t))yi ( ^y } A"*(y,f)ft,(M) 

6. 

^ / dy ^ A^J Ay) A^% A*- k (y, f ) Pl/ (z, t) 
The vertical Wong's equation is 

-c% a J dvdr^Mp,(r,t) 1(a , x){£tV) J dyA%^ y) A^(y,t) 

-CP,(x,i) y rfy7 M)( ^ ) ^(y^) = o- 
6 Concluding remarks 

In this paper, our aim was to obtain Wong's equations in a pure Yang-Mills 
theory. To solve this problem, we first examined a similar problem in a 
finite-dimensional case, using for this purpose a special dynamical system 
with symmetry. The original Riemannian manifold, being the configuration 
space of our dynamical system, can be viewed as a total space of the principal 
fiber bundle. 

We have used an approach by which the description of the evolution on 
the orbit space is given in terms of the dependent variables (presented in 
a local picture by dependent coordinates). This choice corresponds to the 
case of the "unresolved gauges" in the Yang-Mills gauge theory, and this 
implies that we can not find the local coordinates in explicit form on the 
gauge surfaces. 

Using the bundle coordinates on the original manifold, we have derived 
Wong's equations whose solutions determine the geodesic motion in the orig- 
inal Riemannian manifold. The fact that these equations are closely related 
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to the reduction problems in the dynamical systems with a symmetry allows 
one to use them to get analogous equations in a variety of dynamical systems 
with similar behavior under reduction. 

In our paper, Wong's equations in the Yang-Mills theory were obtained 
as a natural generalization of their finite-dimensional analogues. We found 
that Wong's equations are rather complicated nonlocal integro-differential 
equations. 

Notice that if we put the vertical variables in Wong's equations equal to 
zero, we will get the equation which describes the geodesic motion on the 
gauge orbit space. This equation is also of interest in the gauge theories, 
since it may be used there for the study of the internal dynamics. 

7 Appendix 

Our Wong's equations for the Yang-Mills theory are obtained by generalizing 
the finite-dimensional equations. Instead of the finite-dimensional variables, 
we introduce their counterparts taken from the gauge field theory. In our new 
notation, the field variables will have the extended indices. This means that 
now we regard the indices of the variables in the finite-dimensional equations 
as a compact notation of the corresponding extended indices: 

A — > (a, i, x); //—>■(//, u); .. . etc . 

Then for the time derivative of the basic variable Q B {t) we have the following 
correspondence: 

Q* B (t) jA<^y\t) = j t A wj (y,t) = A*°i(y,t). 

Thus, to obtain the Wong's equation for the gauge field we need to make a 
similar replacements in all variables of the finite-dimensional equations. 
Let us consider the " H r-terms" of Wong's equations 

*r£ c Q* B Q* c = (-2AiKf c + (K? Kf M )A v B A p c ) Q* B Q* C . 

We see that there are linear and quadratic in A terms on the right hand side 
of this equation. 

The first term of H r is given by —AgKp C . Making use of the following 
replacements 

aP v /I^'P) ■ K A -A- K^'^ = P r a £ 3 fv - r»U 3 !v - 
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we get that 

It needs then to multiply this expression by A* CTJ '(y, t)A ek (z, t) and take a 
"generalized sum" over the repeated indices, that is 

-8\ J dy dzA^. y) c% 5 3 (x - z)i*^(y, t)A* k (z, t). 

So we obtain 

-c^i*«(x,t) | r/yyr-- y ,r'''(y./). 

This expression is the contribution to the horizontal Wong's equation arising 
from the first "A-term" of n T^ c . The second term gives the same contribu- 
tion. 

In Wong's equations, the "AA-terms" of the Christoffel symbol are mul- 
tiplied by a factor (Kff Kf M ) which now is equal to 

K^u) K (S)lm, s) = K(^*(X))5 3 (X - U)] 5 3 (X - p) . 

Because the first "AA-term" in H r is (K™ Kf M )A v B A P c , we first multiply 

the obtained expression by Ar'^j y )A j%\ z \ and then integrate it over p and 
u. This lead us to 

/ due", [^(A*(x))5 3 (x-u)] = 

It follows that the contribution of the "AA-terms" of H T to Wong's equations 
is 

A~i(y,t)A"*(z,t). 

Here we have taken into account the fact that the main variable Q*(t) of 
Wong's equations depends on the evolution parameter t. Therefore, we must 
replace A*(y) by A*(y,t) in our final formulas. 

Now consider the "^-terms" of the horizontal Wong's equation. In the 
finite-dimensional equation §6§ they are given by G AS J r ^ ;s Q* E p u . In eq.([7|) 
we have expressed G AS J-^ S in terms of A, K and •y a/3 . The first term in this 
representation is 

2Y'(KfK%)G REl ^Kl 
15 
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dydzA 



(/?,*) 

(e,k,z) 



V^{A\^t))A^. iy) 



In gauge fields, it can be rewritten as 



by 



Here (. . .) 



(p,m,v) 
(ti,vi)(e,u) 



IS 



^/(v- Vl ) [Df(^(v))5 3 (v-u)], 



and Gfam^fak.y) = k pv> 5 mk 5 3 (v - y). Performing the integration over v,Vi, 
u and b, we get 



9 r p h 



The expression in the last bracket represents the result of the integration 
over b. But 



So, we can rewrite the obtained expression as 

Idi k 

Besides, we have 



"fa 



/j(/V,J/) uo'ct 



r P k a $h - —r a hP v ' h — —r a 
fa ~ v'v Pf ~ W 

Therefore, the first term of G AS T^s has the following representation: 

ZC <piJ.^ (a^y)^ (a',x) K ■ 

To obtain the first "jF-term" of the horizontal Wong's equation one needs 
to multiply this expression by A tpk {y,t) and p v (z,t) and then perform the 
integration over y and z. 

The second term of G J-^g, which is given by 

cl e Y e K«G RE Y P Kl 

can be represented in gauge fields in the following way 

(<r,v) (u,z)(e,u) K (p,m, Vl ) „ U,v 2 )(0,q) K (pt,i,x) 

C (p,v 2 )(e,u) I ^ (a,v) "(P.^wX^M ' ^ (/3,q)- 

Note that c££ = c^ 3 (v - v 2 )5 3 (v - u). 
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Using the explicit expressions for K, G and cQ v J 2 ^ e u ^ and performing 
integration over v, u, vi, q and v 2 , we get 

Making use of the mechanical connection A, one can rewrite this expression 
in the following form: 



|(M,i,2/) , (j/,z)(e,») 
09,x) + ' 



(ft*) 



Notice that another way of writing this result is given by the following formula 
c%k p , [v<> ak (A*(y)) (l^^A^)] 

Multiplying resulting expression by A* ipk (y, t) p„(z, t) and integrating over y 
and z, we get the second "jF-term" of the horizontal Wong's equation. 

Finally we note that explicit expressions of other terms of Wong's equa- 
tions can be obtained by using a similar approach. 
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